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The predictive accuracy of thallium imaging for the diag- 
nosis Op resteikosis after angioplasty was evaluated in 121 
pm&d3 who had undergono a successful procedure. Pa- 
MI& were evaluated three thnes over a 1 year follow-up 
period for symptoms, ckrtrocardtographic (ECG) changes 
during exercise and the presence of reversible ischemia on 
exercise thallium imaghtg. At initial evahtatkm (4 to 6 
weeks after ang@kty), 104 patients (86%) were asymp 
tomatic. Of the f? pntknts with chest pain symptoms, 9 had 
reversi+le behemii on thailium imaging and P had reste- 
nests. Of the 104 asymptomatic patients, 26 (25%) had a 
positive thakii~m scaw (reversihk themia) and this sign 
idmtiiied a hii risk group. Evidence of restenosis wa4 
present by 6 months in 22 (85%) and by 1 year in 25 (%%) 
of these 26 patients. 
Tk largest growp of patients manifested symptoms by 
the second evakatkm (between 3 and 6 moatha after 
aqiopkty). Of 2S patknts Witfi sympt* and a positive 
thaIHum scan at this evaluation, 26 had restenosis; on initial 
evaluation, 22 of these 26 patients had no symptoms hut 
had had a positive thaitium study. Tm of the 65 patknts in 
the asymptomatic mp had a positive t um sca& hut 
the scans of this group were not as predktive for recurr~t 
symptoms as were thuae of the same group ai i&al 
evaluation. The 74 patie& who had a mive that&m 
became symptomatic and fop 
identilkd 89 havhtg a positive 
patients continued to have chest pain symptoms w&h a 
negative thaNurn scan. Fii of these had repeat cathe- 
terization and only oI1c had restenosis. 
In this clinical study, seque~tiai thakm imaging pro. 
vi&d an accurate prediction of which patients would 
develop resteaosta aAd the time course it would Mow. 
Thallium imaging identiikd high and IoW risk p&u& after 
angioplasty and was sqerier to symptonts or ECG cbnges 
in the evaluation of p&tents. 
(j ~tt8 c0u cdi0i ~9aa;l2m9-204~ 
Restenosis continues to be the major problem in the patient 
undergoing percutaneous transluminal coronary angioplasty 
with rates reported as high as 45% (l-5). Whereas the 
development of angina may be clinically useful in assessing 
restenosis, its predictive accuracy is only slightly better than 
50% (1,6). Exercise thallium imaging has been shown to be 
highly predictive of restenosis and adverse events after 
angioplasty; it may also identify which patients are likely to 
develop symptoms (7-12). Abnormal findings on exercise 
radionuclide angiography performed early after angioplasty 
have also been associated with the development of late 
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The early identification of the patient who is likely to 
develop restenosis has important diagnostic and therapeutic 
implications (I). Although coronary angiography has tradi- 
tionally represented the standard for the diagnosis, a nonin- 
vasive test able to predict restenosis would be ideal (14.15). 
In the present study, I21 patients who had undergone 
successful coronary angioplasty were evaluated with se- 
quential exercise thitllium imaging during three time periods 
over the course of a I year follow-up. Patients were evalu- 
ated for symptoms. electrocardiographic (ECG) changes 
during exercise and for rhe presence of reversible ischemia 
on thallium imaging in the distribution of the angioplasty 
vessel. This study evaluated whether thallium imaging was 
an accurate predictor of which patients would develop 
clinical restenosis and of the time course of this event. 
01988 by the Amcricun College of Cardiology 073%1097/88153.50 
restenosis and have been used fo identify low and high risk 
groups (13). 
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Methods 
Study patients. One hundred twenty-one patients who 
had presented with symptoms of angina and had undergone 
successful coronary angioplasty were evaluated. A success- ’ 
fut angioplasty procedure was defined by ~50% reduction of 
stenosis in the diameter of the vessel, and all patients had 
<50% residual stenosis. In all patients, the transbtenotic 
gradient was measured and we attempted to reduce the final 
gradient to 520 mm Hg. Average age was 58 4 12 years and 
there were 85 men and 36 women. Presenting symptoms 
included unstable angina in 42 patients (35%) and chronic 
stable angina in 79 patients (65%). On coronary angiography, 
73% had single vessel disease, and 27% two vessel disease; 
‘l’hal!ium tomographic imaging. One minute before com- 
pletion of the exercise test, 3 mCi of thallium-201 was 
injected intravenously and imaging was begun within 8 min. 
Images were acquired with use of a bilateral rotating 30” 
slant hole collimator with the camera oriented 40” left 
anterior oblique and IO” cephalad. The pulse height analyzer 
was centered on the 70 keV mercury photo peaks of thallium 
as well as 135 and 167 keV photo peaks with 20% windows. 
Four sets of myocardial images were acquired in a t28 X !28 
byte matrix for 8 min each with the collimator rotating in the 
plane parallel to !he crystal surface in the 0,45.90, and 135 
positions. Exact geometric relation between each patient 
and the camera was maintained for the immediate stress and 
redistribution images. which were obtained 4 h later. Single 
photon emission computed tomographic images were recon- 
structed from the planar images and quantitated with use of 
a circumferential method validated in our laboratory (161.. 
Quantitative profiles were constructed on each tomographic 
section from 60 radials, spaced at 6” intervals for stress, 
redistribution and washout images starting from the 3 
o’clock position and going counterclockwise. Selected exer- 
cise and redistribution tomographic images as wet! as the 
corresponding circumferential profiles and washout curves 
were then displayed for representative apical. middle and 
basil planes. An a&normality was considered present if a 
segment of 2 Wdecreased 2 SD below the stress or washout 
mean curves. All scans were interpreted on the basis of both 
the quantitarlve tomugraphic profiles and visual analysis of 
the images. 
C~onury orrrv distribrrhn was identified from the re- 
constructed tomographic images. The anterior and septal 
regions (45 to 225”) were assigned to the left anterior 
descending coronary artery, the inferior region (225 to 310”) 
to the right coronary artery and lateral region (310 to 45”) to 
the left circumflex artery. In patients in whom restenosis was 
documented, there was excellent concordance (38 of 39 
patients) between the distribution of the thallium defect and 
the coronary artery involved. All thallium scans were read 
independently by two experienced observers who were 
unaware of patient identity and angiographic results. 
Pottow-up. At each visit (4 to 6 weeks. 3 to 6 months and 
I I to 13 months). patients were evaluated for symptoms, the 
results of their exercise treadmill test and the presence of 
reversible ischemia on exercise thallium imaging. Patients 
with symptoms as well as ischemia on thallium imaging were 
referred for repeat cardiac catheterization to define whether 
restenosis was present. A small group of patients with 
persistent symptoms but a negative thallium scan also had 
catheterization performed. 
Definition of resterto& Although several different defini- 
tions of restenosis have been reported (1,4,17.18), this study 
utilized a criterion lhal would be most clinically relevant. An 
immediate postangioplasty stenosis of -30% that increased 
to ~70% at follow-up was defined as restenosis. 
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St&#&al asmlysk To compare patient characteristics, a 
chi-square analysis was used to assess differences among 
discrete variables. Because a large number of patients did 
not undergo cardiac catheterization to establish whether 
restenosis was present. the data are presented primarily as a 
descriptive study. 
Fire 1. Study design for the 121 patients who underwent success- 
ful percutaneous transiuminal coronary angiopiasty (PICA). Pa- 
tients were evaWed at 4 to 6 weeks (A). 3 lo 6 months (I) and at 
I year (Cl after angioplasly with exercise thallium imaging (TI). At 
each evaluation period patients were assessed as symptomatic (S) or 
asymptomatic (AS) and as having a thallium score that was positive 
(+I or negative t-i for reversible &hernia. Palienrs with symptoms 
and a positive thallium scan or persistent symptoms at I year 
underwent repeat cardii catheterization (CATH) 10 assess reste- 
nosis. 
fhree to six llwBtk study. Between 3 and 6 months 47 
(42%) of the 112 patients became symptomatic {Fig. 21. Of 
these, 28 had a positive thallium scan and, at repeat cathe- 
terization, 26 of these had evidence of restenosis. Exercise 
treadmill tes:ing alone identified only 17 of these 26 patients. 
Twenty-two of the patients with restenosis were in the 
asymptomatic group who had no symptoms but a positive 
thallium scan at initiat evaluation and later developed symg 
toms. Of the 65 asymptomatic patients, a small group (IO 
patients) had a positive thallium scan. The scans of this 
group were less predictive for recurrent symptoms and 
restenosis than were the scans of the same group at 4 to 6 
weeks but they still identified four additional patients with 
restenosis at 1 year. At the end of the 6 month period. 35 of 
the 40 patients who would develop clinical restenosis at 1 
year had been identified. 
One year stmly. Eight-four patients continued to be fol- 
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became symptomatic after the 6 month study. Four of these 
five previously asymptomatic patients were previously iden- 
tified as having a positive thallium scan and one as having a 
negative thallium scan. The finding of a negative thallium 
scan in an asymptomatic patient at 6 months identified 
patients who were at low risk for developing symptoms or 
having a subsequent positive scan. Of the five symptomatic 
patients with a positive thallium scan, four had restenosis 
and three could be identified by ECG abnormalities. Nine- 





(n-51 - 415 R 
JACC Vol. 12. No. 5 
Navcmhcr 19RH:I 199-204 
Figure 2. Results of thallium imaging for the 
study group of It1 patients. The number of 
patients in-each group is shown. Those pa- 
tients who had restenosis (R) at catheteriza- .._ 
tion are indicated. NR = no restenosis; other 
abbreviations as in Figure I. 
out abnormality on thallium imaging; I5 of these patients 
underwent repeat cardiac catheterization and I4 had no 
evidence of restenosis. In the asymptomatic patient group at 
1 year. 6 of the 60 patients continued to have a positive 
thallium scan and were followed up clinically. 
Presentation of patients with reslenosis. During the fol- 
low-up period no patient with restenosis presented with 
unstable angina or acute infarction. Recurrent chest pain 
that was reproduced on exercise treadmill testing was the 
major symptom reported during follow-up. Chest pain by 
Ill.001 b-24) 
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Figure 3, Electrocardiographic (ECG) re- 
sponses of the study group during exercise. 
ECG responses are indicated as positive for 
ischemia (+), negative (-) or indeterminate (I). 
The ECG prediction for those patients that 
developed restenosis (R) is shown. Abbrevia- 
tions as in Figure 1. 
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Iliscussiun 
Identification of the patient who will develop coronary 
restenosis after angioplasty continues to be an important 
problem. This clinical study attempted to look at this prob- 
lem using sequential thallium imaging to evaluate patients in 
the 1st year after angioplasty. Although exercise thallium 
imaging was effective in predicting clinical restenosis and 
recurrent symptoms, the major limitation of our study is that 
only symptomatic patients underwent cardiac catheteriza- 
tion to assess restenosis. Therefore, the number of asymp 
tomatic patients with restenosis cannot be defined. and the 
value of thallium imaging for identifying all patients with 
restenosis can only be inferred and not quantitated. If one 
assumes the 14% incidence rate from the National Heart, 
Lung, and Blood institute registry (1) of patients without 
angina who develop restenosis, then our asymptomatic 
group with a positive thallium scitn at 6 months (10 of 65 
patients) and I year (6 of 60 patients) might be representative 
of these findings. 
Role of thdbm An 
asymptomatic patient to 6 
weeks in this series was identified as one who is at high risk 
for the development of angina and subsequent restenosis. 
Other studies have also utilized thallium imaging as a pre- 
dictor of restenosis and even recurrent symptoms after 
angioplasty. Wijns et al. (10.11) demonstrated that thallium 
scintigraphy II was predictive of restenosis in 74% of their 
patients and 2) had a high predictive value (66%) for the 
recurrence of angina. They found thallium imaging to be far 
mere useful than the exercise ECG or the development of 
chest pain on treadmill testing. Their results suggested that 
restenosis had occurred to some extent at 4 weeks in most 
patients in whom it was going to occur. Our study certainly 
supports this suggestion because clinical evidence of resten- 
osis was found in 40 of our patients, and 87% of them could 
be identified by the thallium scan at 4 to 6 weeks. A thallium 
scan that was negative after 6 months also had predictive 
power. It identified the patient who would remain asympto- 
matic and was in a low risk category. Even symptomatic 
patients had a low likelihood of restenosis (I of 15 patier,ts) 
if they had a negative thallium scL. Miller et al. (12) also 
showed that defayed thallium clearance and reversible ische- 
mia along with a postangioplasty gradient 220 mm Hg 
identified patients at 1 year with a fourfuld greater risk for 
restenosis and clinical events. Their results are also consis- 
tent with our study and those of W&s et al. (10.1 I) indicat- 
ing that adverse events and the development of restenosis 
are rar 
use y, DePuey et al. (tJ) re- 
ported 
ante of a new regional wall motion abnormality during 
exercise radionirclide angiography had high predictive accu- 
racy (77%) for identifying restenosis at 6 months. An abnor- 
mal gated blood pool study was a better predictor than were 
symptoms or ECG changes during biiycle ergometery. Re- 
cently O’Keefe et al. (19) showed that early (=I month) 
exercise radionuclide angiography identified low and high 
risk groups for restenosis after angiopiasty. A normal study 
was predictive of long-term success, whereas an abnormal 
scan identified 7 of IS patients who ultimately developed 
restenosis. In their study the scan was most useful for 
identifying a fow risk subgroup, as none of a group of 17 
patients with a normal study developed restenosis. The 
positive predictive value of only 42% for an abnormal scan 
might indicate that the timing of rhe initial scan is extremely 
important. 
Early thSi r&r an&pIasty. Manyari et al. 
(20) demonstrated that myocardial perfusion may not return 
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to normal shortly after successful revascularization. Among 
patients who underwent exercise thallium imaging, I2 of 43 
scans demonstrated reversible ischemia 9 2 5 days after 
angioplasty. but all scans were normal at 2 to 4 mon!hs. In 
our study, a small group of patients who also had thallium 
imaging early after angioplasty (I to 2 weeks) had similar 
findings, indicating a low predictive value for imaging during 
this time period. Thallium imaging at 4 to 6 weeks appeared 
to be a more accurate predictor of restenosis. 
Similar to previous studies (l&21), inkial presentation 
(tinstable angina) and lesion dilated (left anterior descending 
coronary artery) placed the patient at higher risk for resten- 
osis. A final aqioplasty gradient >20 mm Hg was not 
predictive of subsequent cardiac events (12). Because the 
study numbers are small, one cannot draw definitive conclu- 
sions from these findings alone. 
Clinical implications. In this clinical study, sequential 
thallium imaging was used for postangioplasty evaluation to 
predict which patients would develop restenosis and have 
recurrent symptoms. The main limitation in this study is that 
only patients with clinical restenosis were identified. None 
of the 60 asymptomatic patients underwent catheterization, 
and obviously some patients in this group had restenosis. 
Nevertheless, the thallium scan was both sensitive, spe- 
cific and predictive for identifying patients who would de- 
velop clinical restenosis and symptoms. The finding of a 
positive thallium scan in a symptomatic patient at 4 to 6 
weeks after angioptasty was highly predictive of restenosis 
and, if the patient was asymptomatic, it identified that 
patient as one who would develop recurrent symptoms and 
restenosis by 3 to 6 months or I year. A negative thallium 
scan at 6 months identified a low risk group for the devel- 
opment of any clinical events. Overall, thallium imaging had 
a high positive (93%) atd negative (93%) predictive value for 
restenosis. Although the finding of chest pain and ECG 
changes on treadmill t?sting was predictive for restenosis, 
identifying 25 (86%) of29 patients, it was not a sensitive test 
(63%). In this series thallium imaging provided an accurate 
assessment of the time course of restenosis and proved to be 
useful in the evaluation of both the symptomatic and the 
asymptomatic patient. 
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